The electrophysiology of dentate gyrus granule cells in whole-cell recordings.
The whole-cell patch-clamp recording technique was used both in neurons acutely dissociated from the dentate gyri of adult Wistar rats and in 400-microns-thick brain slices to examine passive membrane properties, voltage- and neurotransmitter-gated currents and synaptic physiology of granule cells. Voltage-dependent calcium currents and biophysical properties of N-methyl-D-aspartate channels were examined in acutely isolated granule cells and revealed significant differences between control and epileptic (kindled) neurons. In the slice preparation, the input resistance of granule cells recorded in the whole-cell mode was about 5-6 times larger than that obtained with sharp microelectrode recordings. The membrane time constant was longer while the electrotonic length was significantly shorter than previously estimated. Whole-cell recordings in granule cells of hippocampal slices also established the presence of a powerful depolarizing-shunting gamma-aminobutyric acid-A (GABAA) receptor-mediated inhibition which appears to control the NMDA component of synaptic transmission through the perforant path. Furthermore, spontaneous miniature synaptic excitatory and inhibitory postsynaptic currents, occurring with relatively high frequency, could be observed in granule cells. The present findings demonstrate that granule cells of the dentate gyrus have electrophysiological and synaptic properties in many ways different from those previously reported. Our study shows the feasibility of whole-cell recordings from granule cells in slices or acutely dissociated from a chronically altered preparation (e.g. after kindling) enabling the study of plasticity at the level of single neurons or even single channels.